The Replication and Titration of Iridescent Virus
Type 22 in Spodoptera frugiperda Cells (Accepted 9 August I977) SUMMARY A plaque assay for iridescent virus type 22 (from Simulium sp.) using Spodoptera frugiperda cells has been devised, and the kinetics of growth of the virus in this cell line have been determined. The virus particle/p.f.u, ratio was 75 -+ 8, and the p.f.u./TCIDso ratio was o-56 + o-I I.
Fundamental research on the cell biology of iridescent viruses has been hindered by the lack of a reliable assay system for these viruses. Bellett (1965) described a fluorescent antibody infectious centre assay for iridescent virus type 2 (from Sericesthis pruinosa) using Antheraea eucaly2ti cells but this method is both tedious and inconsistent in practice (Kelly, 1972) .
Subsequently a tissue culture infectious dose (TCIDs0) assay was developed for iridescent virus type 22 (from Simulium sp.; Batson et al. 1976) using Aedes albopictus cells (Kelly, 1976a) and though this method is both convenient and economical it lacks the precision, versatility and reliability of a plaque assay. We have recently devised a plaque assay for iridescent virus type 22 and we report the method in this paper. The procedure was origin- This virus is also the only viral pathogen isolated from naturally infected Simulium sp.
(black-flies) which are causing considerable nuisance in tropical and subtropical climates, and which in the case of Simulium damnosum act as vectors of the protozoan Onchocerca volvolus (the causative agent of river blindness in West Africa). The virus may eventually prove to be useful in controlling population levels of blackflies.
Iridescent virus type 22 was grown in Galleria mellonella larvae, and the virus used in these experiments had been passaged twice from the original isolate. The virus was purified as previously described (Kelly & Tinsley, 1972; Elliott, Lescott & Kelly, 1977) and then filter sterilized using a 0.22 ]zm Millipore filter. Virus particle counting was performed as described by Kelly & Tinsley (1974) using lO8 nm latex particles. Spodoptera frugiperda cells (J. Vaughn, unpublished observations) were grown and maintained in BML-TCIo medium (Gardiner & Stockdale, 1975) as previously described (Kelly, I976b) . TCIDs0 titrations were carried out in Spodoptera frugiperda cells as previously described (Kelly, I976a, b; Elliott et al. 1977) dilutions (normally tenfold) of the virus in BML-TCIo were then added, and the incubation was continued at 2I °C for 96 h when the plates were read for cytopathic effect. Titrations were performed in quintuplicate. Plaque assays were performed as follows. Cells (i-2 x lO 7) in 4 ml of BML-TCIo were added to 6 cm plastic Petri dishes and the cells allowed to attach for 3 h at 28 °C. The medium was removed and replaced with Ioo/~1 ~of inoculum (in BML-TCIo) which wits allowed to absorb for I h at 2i °C. BML-TCIo. The low final salt concentration prevented precipitation. The medium also contained o'03 % (w/v) neutral red. The medium was allowed to gel, and the dishes were incubated at 2i °C for 5 to 6 days when the plaques were counted. Typical iridescent virus type 22 plaques are shown in Fig. I . They comprise about 2o to 30 lysed cells and have a diam. of o.i to o'3 ram. A linear dose response was observed between relative virus concentration and plaque numbers (Fig. 2a) demonstrating that one plaque is initiated by I infectious unit (Fenner et al. I974) . The particle/p.f.u, ratio was found to be 75 + 8 [5 determinations + standard deviation, counting IOOO particles of the lower concentration (virus or latex) in each determination]; and the p.f.u./TCID~0 ratio was o'56+o'11 (3 determinations), which approximates to the theoretical ratio of o'67 (Bryan, r957), and indicates the sensitivity of the method.
The growth of iridescent virus type 22 is shown in Fig. 2 (b) . In this experiment cells were infected at a m.o.i, of 3o p.f.u./cell 0o 6 cells in a 25 cm 2 Falcon flask) and the inoculum was allowed to absorb for I h at room temperatme; the cells were then rinsed three times with BML-TCIo and 5 ml of BML-TC~o was added to each flask; at various times the cells were scraped off the flasks into the medium, and the cells were disrupted by sonication at 5 amp output for 5 min in a Dawes Soniprobe type 1 I3A sonicating water bath; the virus was then titrated. It can be seen that the virus replicated rapidly in this cell line, with infectious progeny virus appearing 5 h post infection, and that production is virtually complete by I2 h post infection.
The replication of iridescent virus type 22 in SpodopteraJkugiperda cells is faster than in Aedes albopictus cells (about 18 h: Kelly, I976a) and appreciably faster than other small iridescent viruses in a variety of cell lines (Bellett, I965; Kelly & Tinsley, ~974)-The rapid replication of small iridescent viruses in this cell line lends the system to analysis of virusspecific macromolecular synthesis. The ability of this virus (and other small iridescent I2-2 
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